The influence of moderate hypothermia induced by surface cooling was studied on haemodynamic variables and whole-body oxygen consumption in a 43-yr-old female undergoing clipping of multiple cerebral aneurysms. Decreasing oesophageal temperature to 32 °C lowered the whole-body oxygen consumption by about 40%. The decrease in oxygen consumption was matched by a proportional decrease in cardiac output. During the rewarming phase, there was a progressive increase in oxygen consumption, which was matched by a proportional increase in cardiac output. This resulted in a constant oxygen extraction ratio, as evidenced by oxyhaemoglobin saturation which remained constant at different body temperatures. While the temperature-corrected Pv 02 decreased progressively with cooling, the temperatureuncorrected Pv Oz remained constant at all body temperatures. Thus the use of temperatureuncorrected Po 2 during hypothermia may simplify clinical interpretation because of our familiarity with normothermic Po 2 values and the normothermic oxyhaemoglobin dissociation curve. (Br. J. Anaesth. 1994; 73: 418-420) 
Surface cooling and its influence on oxygen transport and utilization have been investigated in animals as early as 1950, when the technique became popular for cardiac surgery [1, 2] . After the introduction of cardiopulmonary bypass, surface cooling without bypass was rarely used for open heart surgery, but is occasionally used during cerebral aneurysm or cerebral arteriovenous malformation surgery to prolong ischaemic tolerance if temporary occlusion of the cerebral vessels is necessary [3] .
The technique waned in popularity until evidence emerged that mild hypothermia may be cerebroprotective [4] . However, the technique is still not widely used and there are no recent reports in humans which have examined the influence of surface cooling on whole-body oxygen supplydemand balance.
The present report describes a patient undergoing clipping of multiple cerebral aneurysms during moderate hypothermia and the influence of surface cooling on haemodynamic variables, temperaturecorrected and uncorrected oxygen tensions and oxyhaemoglobin saturations, and also on wholebody oxygen consumption. The same variables were monitored during the rewarming phase.
Case report
A 43-yr-old female, 80 kg in weight, was scheduled for clipping of multiple cerebral aneurysms involving the anterior communicating arteries and the basilar system under moderate hypothermia.
The patient was monitored by ECG (V 5 ), direct arterial pressure and flow-directed thermodilution pulmonary artery catheter. Also, mid-oesophageal body temperature was monitored continuously throughout surface cooling.
The patient was premedicated with pethidine 100 mg i.m., promethazine 25 mg and atropine 0.6 mg. Anaesthesia was induced with thiopentone 5 mg kg~>, fentanyl 5 ug kg" 1 and pancuronium 0.1 mgkg" 1 i.v. After orotracheal intubation, anaesthesia was maintained during the cooling and rewarming phases by a mixture of 66 % nitrous oxide in oxygen, supplemented by incremental doses of fentanyl and pancuronium. Ventilation was controlled throughout the procedure to maintain endtidal Pco 2 at 4.6-5.3 kPa, as monitored by continuous capnography.
Surface cooling was induced before surgery by applying ice bags and a mixture of alcohol and water to the body surface. After 120 min, oesophageal temperature reached 32 °C and the ice bags were removed. During surface cooling, haemodynamic variables were monitored at every 1-2 °C decrease in oesophageal temperature. Cardiac output (CO) was monitored by the thermodilution technique with Edward's COM-2 cardiac output computer and the average of three serial measurements calculated.
Arterial and mixed venous blood samples were obtained simultaneously for measurement of bloodgas tensions using an ABL300 Radiometer with the electrodes kept constant at 37 °C. The temperatureuncorrected values measured at 37 °C were corrected automatically by the Radiometer machine according to body temperature, as also were arterial and mixed venous oxyhaemoglobin saturations.
Vo 2 values at different body temperatures were computed as the product of the arterial-venous , Pa Oi = arterial oxygen tension (kPa) measured at 37 °C, Pv Oi = mixed venous oxygen tension (kPa) measured at 37 °C, 0.003 = solubility coefficient of oxygen at 37 °C (ml dl~' mm Hg" 1 ), CO = cardiac output (litre min~').
After surgery, surface rewarming was commenced using two circulating water mattresses placed beneath and above the patient until the temperature reached 36 °C after 180 min. During the rewarming phase, haemodynamic variables, blood-gas tensions and whole-body oxygen consumption were monitored.
Cooling was associated with a progressive decrease in cardiac output and an increase in systemic vascular resistance. The decrease in cardiac output was secondary to a decrease in both heart rate and stroke volume (table 1). During the rewarming phase, there was a progressive increase in cardiac output, associated with a decrease in systemic vascular resistance (table 2) .
Both the temperature-uncorrected and corrected arterial Po 2 values increased with surface cooling (table 3) and decreased after rewarming (table 4) , while haemoglobin was fully saturated throughout the procedure. In contrast, the temperaturecorrected -PVo 2 decreased with cooling and increased after rewarming, while both Sv O2 (%) and the uncorrected Pv 0 , remained constant at different body temperatures. Arterial and mixed venous oxyhaemo- (fig. 1 ). There was a significant correlation (P < 0.05) between body temperature and whole-body oxygen consumption (correlation coefficient 0.95) and between body temperature and cardiac output (correlation coefficient 0.96).
During rewarming, Vo 2 increased by about 40 % when body temperature increased from 32 to 36 °C. The increase in Vo 2 was matched by a proportional increase in cardiac output without any significant change in 5v o , (fig. 2 ). There was a significant correlation (P < 0.05) between body temperature and whole-body oxygen consumption (correlation 
Discussion
The present report shows that before surgical intervention, surface cooling was associated with a progressive decrease in whole-body oxygen consumption, while rewarming was associated with a progressive increase in oxygen consumption. A decrease in body temperature by 4 °C resulted in about a 40% decrease in Vo 2 . The change in Vo 2 appeared to be greater than that achieved by perfusion cooling [5, 6] . We have previously shown during perfusion cooling [5] that Q10 (the ratio of oxygen consumption at two temperatures separated by 10 °C) is approximately 2.0 and hence a decrease in body temperature of 10 °C results in a 50% decrease in Vo 2 . When body temperature is changing rapidly by perfusion cooling, large thermal differences occur between the different organs of the core, while a more uniform change in body temperature occurs with slow surface cooling [7] .
The progressive decrease in Vo 2 during surface cooling was associated with a proportional decrease in cardiac output. Also, the progressive increase in Vo 2 during the rewarming phase was associated with a proportional increase in cardiac output. This perfusion-metabolic coupling resulted in a constant oxygen extraction ratio as manifest by SV Oi which remained constant at different body temperatures.
The perfusion-metabolic coupling observed has been reported also in hibernating mammals; heart rate decreases during hibernation pari passu with a decrease in metabolism resulting in venous oxyhaemoglobin saturation which is not essentially different from that observed in active animals [8] . A similar static Sv O2 has been observed during hypothermic cardiopulmonary bypass when the perfusion flow is adjusted to match decreased Vo 2 [9] .
Despite the constant Sv Oi at different body temperatures, the temperature-corrected -PVo, decreased with cooling secondary to the leftward shift of the oxyhaemoglobin dissociation curve [10] . Because of the progressive leftward shift of the oxyhaemoglobin dissociation curve with cooling, it may be difficult to identify the normal temperaturecorrected Po 2 values at different body temperatures. In contrast, the uncorrected Pv 02 , in common with S\ 02 , remained constant at all body temperatures. It has been shown previously that the best correlation with direct measurement of oxyhaemoglobin during hypothermia occurs when using uncorrected Po 2 applied to a standard dissociation curve at 37 °C [11, 12] . Thus the use of temperature-uncorrected Po 2 during hypothermia simplifies clinical interpretation because of our familiarity with normothermic Po 2 values and the normothermic oxyhaemoglobin dissociation curve [12] .
